Dynamic holography has been demonstrated as a method for correcting aberrations in space deployable optics, and can also be used to achieve high-resolution beam steering in the same environment. In this paper we consider some of the factors affecting the efficiency of these devices. Specifically, the effect on the efficiency of a highly collimated beam from the number ofdiscrete phase steps per period is considered for a blazed thin film beam steering grating. The effect ofthe number ofdiscrete phase steps per period on steering resolution is also considered. We also present some results of Finite-Difference Time-Domain (FDTD) calculations of light propagating through liquid crystal "blazed" gratings.
INTRODUCTION
As NASA develops a need to transmit greater amounts of data over long distances, there is a need to develop new technologies capable of such performance1'2. Current 5-and X-band RF technology provides only limited room for increasing the data conununication rate'3. The use ofKa-band technology may increase the usable photon flux by a few orders of magnitude, but even that may not be enough to permit, for example, high-speed long-distance communication of high-resolution image data. In addition, increasing the RF transmitter power level does not get past bandwidth limitations ofthe carrier frequency. For that reason, NASA is exploring the use ofshorter wavelengths in the near JR. where the greater directivity oftransmitting beams can increase photon flux and bandwidth.
However, this potential benefit is not without cost, for it involves trading problems with existing RF technology for a new set of problems. Among these new problems is the necessity for some means of high-resolution optical beam steering in order to maintain connection ofthe more directional signal beam with the distant receiver. Because of the anticipated demand for higher data rates at all transmission distances, special steps must be taken in order to ensure a high signal concentration at the receiving end. In order to maintain the intensity ofa propagating laser beam after long propagation distances, the beam must possess a divergence of a few microradians or less. Along with this directivity requirement comes the need for steering capability of even greater accuracy, i.e. sub-microradian beam pointing technology.
The most mature beam steering devices achieve deflection through mechanical means. Although mechanical pointing technology is being considered for use in deep-space optical coimnunications5'6'7, such devices may not provide the needed precision.
Liquid crystal devices have already been considered for use in beam steering applications8'9"0, as well as for the closelyrelated function oftip-tilt correction ofwave fronts".
In this paper we discuss factors influencing the range, resolution, and number ofsteering angles available from a "phaseonly" liquid crystal spatial light modulator (LC-SLM). These devices can be designed at or between either of two extremes; large pixels producing stair-stepped phase modulation or small pixels whose director distortions produce smoothed phase profiles. Here, we discuss the large pixel variety. Computational If suitably addressed, the electrodes of the LC-SLM selectively reorient the liquid crystal to form a one-dimensional phase grating. This grating is used to impose a periodic "blazed" phase profile onto incident light (Fig 1) . In beam steering or tip-tilt correction applications, the goal is to provide the equivalent of a linear phase ramp with its 2t phase degeneracies removed (Figure 2 i7=sinc2(/N). (1) where N is the number of stair-stepped phase segments in each identical blaze profile. It is assumed that all modulo-2t resets ofthe original ideal phase profile fall between electrodes. Below we will show this result extends to the more One obvious solution is to assign to each ofthese "interperiod" segments a phase equal to the average value ofthe ideal blazed phase profile within the segment, as shown in Figure 9 . This approach can then be described as applying two operations to the original linear phase ramp, namely modulo-2ic and area averaging, in that order. Those two operations can also be carried out in reverse order, producing interperiod phase values as shown in Figure 10 .
The difference between these two approaches is illustrated in Figure 1 1 . For instance, applying the first approach to a linear phase ramp for which the modulo-2ic blaze width is equal to the width of 2 and 1/3 electrode segments, the resulting phase profile will appear as shown in Figure 1 la. The phase profile using the second approach appears in Figure 1 lb. It is only when the blaze width equals an integer number ofelectrode segments that the stair-stepped phase profile obtained using either approach will produce identical neighboring stair-stepped blazes as are found in Figure 3a .
Difihiction simulations were performed for grating phase profiles obtained using each approach. Although it might appear that the "irregular periodicity" (see Figure 1 ib) of the more desirable second stair-step approach might violate the grating condition of its underlying blazed phase profile, such is not the case. The center of each ofthe stair-step segments does fall on the underlying linear phase ramp, and on its blazed-phase equivalent. Figure 11 . Sections of grating phase profile, after (A) application of modulo-2rc and then phase-averaging operation, and (B)
reversing the order ofthose operations. Distance from oentor of Grating, miorons Figure 16 . Intensity modulation oflight transmitted through idealized liquid crystal blazed grating (segment of which appears in Figure 13 ). The data extending over one grating period is emphasized. Intensity is normalized to maximum transmitted value. (segment of which appears in Figure 13) 
